In North America the names Punctelia subrudecta and P. perreticulata have variously been applied to corticolous sorediate Punctelia specimens with lecanoric acid and a pale lower surface. ITS1, 5.8S, and ITS2 sequence data were generated from a geographically and morphologically broad sampling from within these specimens, and a molecular phylogeny was inferred. A combined approach using morphology, geography, and phylogeny was used to circumscribe three distinct species in North America, one of which is described as new to science (P. caseana), one of which is finally confirmed for the continent (P. jeckeri), and one whose original circumscription is validated (P. perreticulata). The phylogeny inferred from ITS sequence data supports the taxonomic value of the following morphological characters for distinguishing species in this group: presence/absence of pruina; conidium type and length (although see discussion of P. jeckeri), and presence/absence of scrobiculae on the upper surface. A key to the North American species of Punctelia is provided.
Introduction
The status of the sorediate, corticolous species Punctelia subrudecta in North America has been the subject of considerable study and debate Aptroot 2003) . While P. subrudecta has generally been considered to be distinct from P. perreticulata (e.g., Wilhelm & Ladd 1987) , amended the definition of the latter species to exclude the scrobiculation of the upper surface as a diagnostic character, and added that the species could have either longer or shorter filiform conidia 1 . This change created a single, polymorphic species under the name P. perreticulata (the name P. subrudecta was correctly reserved for specimens with unciform conidia). Aptroot (2003) , following these changes, assigned the name P. perreticulata to all corticolous, sorediate Punctelia specimens from North America with a pale lower surface and C+ red medulla (due to the presence of lecanoric acid). Through this process, P. perreticulata became the accepted name for all specimens from North America that were previously identified as P. subrudecta (since the conidia, when present, are always filiform, and not unciform). For some time, we have been uncomfortable with this treatment (Lendemer 2004) , but lacked the ability to generate a robust, well-supported alternative hypothesis using chemical, ecological, morphological, and phytogeographic data alone.
Recognizing the potential value of molecular data in addressing this problem, we undertook a study of the North American populations referred to Punctelia perreticulata. We first sampled broadly within the geographically widespread populations of P. perreticulata treated by Aptroot (2003) , inferring a phylogeny of these organisms and some of their closest known relatives using ITS1, 5.8S, and ITS2 sequence data. We generated taxonomic hypotheses from this molecular analysis and attempted to correlate them with taxonomic hypotheses based on so-called 'traditional' characters (e.g., chemistry, ecology, morphology, phylogeography). Using a holistic taxonomic approach we accepted as species those that were wellsupported by both datasets and rejected those that were not.
The results demonstrate the taxonomic utility of certain characters that have been rejected as uninformative by previous authors (e.g., conidium length and morphology of the upper surface; , and reveal the presence of three distinct species within Punctelia perreticulata sensu Aptroot (2003) .
Materials and Methods

Fieldwork and herbarium materials
During our fieldwork throughout North America over the last five years, we have made an effort to collect sorediate Punctelia specimens with the goal of one day better understanding the circumscription of the taxa purported to be present in our region. Hundreds of specimens of P. perreticulata/subrudecta have been collected across the continent including regions where both taxa had been reported to occur. Additionally, we examined the specimens held at the Canadian Museum of Nature (CANL), The New York Botanical Garden (NY) and Duke University (DUKE). The ecological and distributional data used in this study have been gathered largely as part of our field studies, and molecular analyses have been carried out on samples collected by the first author and his collaborators (all materials have been deposited in the herbarium at NY).
Molecular data collection
DNA was extracted from North American specimens of Punctelia perreticulata s. lat. (e.g., including P. subrudecta auct. Amer. and P. perreticulata sensu Wihelm and Ladd) to generate a hypothetical circumscription of the species that could be tested with morphological characters as an independent dataset. Additionally, a sample of P. missouriensis, a species with weakly corticate squamiform isidiose-soredia, had its DNA extracted in order to determine its relationship, if any, to specimens that were the main focus of the study. DNA extractions were performed at NY using the DNeasy Plant Mini Kit (Qiagen, Valencia, CA, USA) with the instructions modified to include a prolonged (w12 hour) incubation period in the lysis buffer. Isolated DNA was resuspended in 100 µl of sterile water and stored at −20°C. PCR amplification of the ITS1, 5.8S, and ITS2 regions was performed at NY using the primers ITS4 and ITS5 (White et al. 1990) . Amplification reactions of 25 µl contained each of the following: 2·5 µl 10X PCR Buffer (Qiagen), 2·5 µl dNTP solution (mixed to a concentration of 2 mM of each dNTP), 2·5 µl BSA solution (mixed to a concentration of 2·5 mg µl −1 of bovine serum albumin; Hillis et al. 1996) , 0·2 µl Taq DNA Polymerase (= 1 U; Qiagen), 1 µl of each primer (in solution at a concentration of 10 µM), 9·3 µl of sterile water, 1 µl of extracted DNA suspended in sterile water, and 5 µl of Q-solution (Qiagen). PCR protocol followed Nelsen et al. (2007) and consisted of an initial denaturation of 95°C for 5 min, followed by 10 cycles of 95°C for 1 min, 62°C for 1 min, and 72°C for 1 min, then 35 cycles of 95°C for 1 min, 53°C for 1 min and 72°C for 1 min with a final extension for 7 minutes at 72°C. PCR products were visualized prior to sequencing by UV examination of a 1% agarose gel on which 1 µl of amplified PCR product had been subjected to electrophoresis and stained with ethidium bromide. Unpurified amplified PCR products were sent to the University of Washington Biochemistry DNA Sequencing Facility (BDSF) for sequencing. Sequences were assembled and manually edited using the software package Sequencher™4.9 (Gene Codes Corporation, Ann Arbor, MI, USA). In order to identify contaminants, nearest sequence matches were found by searching the nucleotide collection in GenBank using BLASTn (Altschul et al. 1997) .
Phylogenetic analyses
Molecular datasets were assembled using reference ITS sequences representing our species of interest (e.g., all Punctelia jeckeri/ulophylla, P. perreticulata, and P. subrudecta sequences from GenBank) in addition to the sixteen sequences generated as part of this study (Table  1) . Sequences from the outgroup taxa P. borreri and P. rudecta were added because of their affinity to the species in question and the number of sequences (more than two of each) available from GenBank. Sequences were initially aligned using ClustalX 2.0 (Larkin et al. 2007) ; those that contained numerous clear inconsistencies with all other aligned sequences were assumed to have resulted from the sequencing of heterogeneous amplicon pools, and were excluded from phylogenetic analyses (for an example of how heterogenous amplicon pool sequence analysis can be used effectively, see Hodkinson & Lutzoni 2009 ). Alignments were subsequently adjusted manually using Mesquite 2.6 (Maddison & Maddison 2009) , and the nucleotides in ambiguously-aligned regions were excluded from analyses (by defining them as members of an exclusion set). Ambiguous bases (e.g., N's, R's, Y's, etc.) and terminal gaps were changed to missing ('?') and the NEXUS file was saved with the taxa and characters compressed into a data block.
Using standard text editing software, the NEXUS alignment file was then prepared for a weighted maximum parsimony analysis with recoded ambiguouslyaligned regions. First, constant sites were excluded from analyses by typing 'constant' into the exset line of the assumptions block. Each of the ambiguously aligned regions was then recoded using INAASE 3.0 (Lutzoni et al. 2000) and specific step matrices were generated (through the same program) using a transition:transversion:gap ratio of 1:2:3.
Step matrices produced by INAASE were subsequently altered based on manual adjustments to the provided pair-wise alignments of ambiguous regions. For those regions that could not be reasonably realigned in a pair-wise manner, INAASE characters were rejected and the regions were recoded using ARC (Kauff et al. 2003; Miądlikowska et al. 2003) . ARC characters and accepted INAASE characters were then pasted immediately below the nucleotide matrix (as the final characters in an interleaved matrix). The data block was altered to accommodate the newly-inserted recoded characters. First, the number of characters (nchar in the dimensions line of the data block) was changed to the value equivalent to the number of characters in the nucleotide alignment + the number of INAASE regions + 23 times the number of ARC regions (since each ARC region is recoded as a series of 23 characters). Since the NEXUS file was originally saved in a non-interleaved format, the format was manually changed to interleaved (by typing "interleave" in the format line of the data block) to accommodate the insertion of ARC and INAASE characters into the character matrix. In the same line, "datatype=DNA" and "gap=-" were removed and replaced by 'symbols = "A C G T -0 1 2 ..."' listing each of the characters used in the nucleotide+INAASE+ARC character matrix.
Those ambiguously-aligned regions recoded using INAASE were subjected to the aforementioned manually-adjusted symmetric step matrices initially produced by the same program. Likewise, unambiguouslyaligned portions were subjected to their own step matrices, which were computed separately for each of the three regions (ITS1, 5.8S, and ITS2) using STMatrix 3.0 (written by S. Zoller; Miądlikowska et al. 2002) as outlined by Gaya et al. (2003 Gaya et al. ( , 2008 . The step matrices produced from both INAASE and STMatrix were pasted directly into the assumptions block and renamed (name inserted between "usertype" and "stepmatrix") according to the region on which each would be employed. In the typeset line of the assumptions block, each of the regions subjected to a step matrix was defined by typing the name of the region, followed by a colon and the identifier numbers of the character(s) contained within it. So as not to over-inflate the influence of certain characters that are inextricably linked, all but one of the 23 ARC characters was down-weighted for each ARC region as follows: characters 2-5 were each given a weight of 0·25; characters 6-15 each had a weight of 0·10, and characters 16-23 were each assigned a weight of 0·5 (Reeb et al. 2004; Gaya et al. 2008) . Weights were entered manually into the wtset line of the assumptions block. The resulting NEXUS file is available for download at the second author's website, accessible at http://www.duke.edu/~bph8/.
Phylogenetic analyses were run using weighted maximum parsimony (MP) in PAUP* 4.0b10 (Swofford 2001) . A first round of searches was performed with 1000 random-addition-sequence (RAS) replicates and T 1. GenBank Accession numbers of ITS sequences and data for voucher specimens from which the sequences were generated in this study TBR (tree bisection-reconnection) branch swapping. The MULTREES option was in effect and zero-length branches were collapsed. All equally most parsimonious trees were saved with branch lengths, and a strict consensus tree was computed for reference. Branch support for MP trees was estimated through bootstrap analyses (Felsenstein 1985) by performing 1000 bootstrap replicates with 10 RAS per bootstrap replicate, with all other settings as above. Clades with high bootstrap proportion (BP) support (> 70% MP-BP) on branches that had a length of ten or more changes in all most parsimonious reconstructions were designated as potential 'species' to be tested using an independent morphological dataset. In addition to the above analyses maximum likelihood (ML) and Bayesian topology searches were performed as outlined by Lendemer & Hodkinson (2009) and B. P. Hodkinson and J. C. Lendemer (unpublished) , respectively.
Chemical and morphological analyses
All specimens were studied dry using a Bausch & Lomb StereoZoom 7 dissecting microscope. Characters of size, broadness, aspect, and basal colour were noted. All specimens were also subjected to chemical analysis using standard spot tests (reagents are abbreviated following Brodo et al. (2001) ) or thin-layer chromatography (TLC). TLC was carried out using solvent systems A or C following the standardized methods of Culberson & Kristinsson (1970) .
Results and Discussion
The results of our morphological and phylogenetic analyses of P. subrudecta s. lat. in North America are presented below, followed by a summary taxonomic treatment including additional discussion, distribution maps and illustrations. As the proceeding discussion should make clear, we do not consider the present study to be the final word on the status of the sorediate lecanoric acid producing species of Punctelia with a pale lower surface in North America. Rather, our study, much like the one by Crespo et al. (2004) , is intended to be a base line for more detailed research that is needed to understand the characters used to circumscribe species of Punctelia, and to understand the relationships between populations of 'P. subrudecta' in North America and abroad.
In total, we generated fifteen new ITS sequences from North American specimens of corticolous sorediate Punctelia species with lecanoric acid and a pale underside, in addition to one sequence from the isidiosesorediate P. missouriensis. Parsimony analyses resulted in four equally most parsimonious trees, one of which was topologically equivalent to the strict consensus of all four trees; this tree is shown in Figure 1 . All clades that were well-supported by MP-BP appeared in both ML and Bayesian 50% majority-rule phylogenetic trees. The new sequences from sorediate Punctelia specimens with lecanoric acid sorted into three distinct clades, two of which already had representatives in GenBank (P. jeckeri and P. perreticulata; Fig. 1 ). Certain combinations of morphological characters were found to correlate with each of these monophyletic entities (Table 2) , leading us to accept as 'species' the phylogenetic entities suggested by our molecular analyses.
Considering the differences in conidia reported by for European and North American populations of Punctelia perreticulata, we expected that phylogenetic analyses of a diverse sampling of populations from within P. perreticulata sensu Aptroot (2003) would likely reveal the existence of more than one morphologically recognizable species (especially since comparable differences in conidium length were used to distinguish P. semansiana C. Culb. & W. L. Culb. [= P. graminicola (B. de Lesd.) R. S. Egan] from P. hypoleucites (Nyl.) Krog by Culberson & Culberson (1980) ). We were, however, quite surprised that these data revealed the existence of three distinct species (none of which is P. subrudecta) that can be distinguished both morphologically and phylogenetically (see Fig. 1 ). Each of these species is discussed more fully below.
The outgroup taxa Punctelia borreri (which has a black underside, gyrophoric acid, and soredia) and P. rudecta (which has a pale underside, lecanoric acid, and isidia) formed distinct, monophyletic entities (Fig. 1) , supporting the utility of the widely-used characters of underside colour, medullary chemistry, and diaspore type for separating these species from the species at issue in the present study. The sequence generated from P. missouriensis produced a rather unexpected result. Strangely, this sequence formed a strongly-supported clade with a single GenBank sequence generated from Chinese material [tentatively identified as "P. aff. rudecta" and discussed in detail by Crespo et al. (2004) ; Fig. 1 ], suggesting that this species, previously known only from North and South America, may actually also exist in Asia.
F. 1. Phylogeny of Punctelia subrudecta s. lat. and its relatives based on ITS1, 5.8S, and ITS2 sequence data, inferred using weighted maximum parsimony (MP). MP-bootstrap proportions (BP) from 1000 resamplings are shown at each node that has a support value >50%; branches with MP-BP support >70% are thickened. For sequences generated as part of this study, the locality and accession number are in bold. An asterisk (*) following a sequence indicates that we have found and examined conidia in the voucher specimen. A dagger ( † ) is used to denote a sequence on a long terminal branch (12.77 changes in length) that has been shortened for space (as indicated by the hashed branch). Based on our analysis, it is likely that the following sequences in GenBank represent misidentifications:
1 -AY613402 as "aff. rudecta" is probably P. missouriensis; 2 -AY773122 and AY773124 as "perreticulata" are probably P. borreri (see text for discussion).
The status of Punctelia perreticulata sensu Aptroot (2003)
Punctelia perreticulata s. str.
One of the primary goals of our study was to determine the status of Punctelia perreticulata s. str. in North America. The type specimen of P. perreticulata is from Italy (van Herk & Aptroot 2000) and the species has traditionally been separated from others with a pale underside and lecanoric acid by its scrobiculate upper surface with few pseudocyphellae and medium sized (6-8 µm long) filiform conidia. The species, in the strict sense, was considered to occur rarely in south-central North America (Wetmore 1976; Hale 1979; Wilhelm & Ladd 1987) . We examined material at NY identified as P. perreticulata and found several specimens that corresponded to the strict concept of P. perreticulata. We successfully extracted DNA from one of these specimens. In our analyses the sequence generated from this specimen formed a well-supported clade along with another specimen from North America [studied by Thell et al. (2005) ] and one from Spain [studied by Crespo et al. (2004) ]. The presence of P. perreticulata s. str. in North America is thus confirmed and the original circumscription of P. perreticulata supported by molecular data. expanded the concept of Punctelia perreticulata to include specimens from Australasia and North America with longer conidia (9-12 µm) and a smooth to moderately ridged upper surface. Our results do not support this expanded concept since North American specimens with the above characters form two distinct highly supported clades quite distant from P. perreticulata s. str.; these are discussed in the subsequent sections.
It should be noted that we are not the first to reject broad circumscription of Punctelia perreticulata. Thell et al. (2005) also arrived at this conclusion in conjunction with their larger phylogenetic studies of Punctelia. Their conclusion was based on the fact that in their analysis sequences of two specimens identified as P. perreticulata from China grouped with sequences of P. borreri, rather than with a sequence of P. perreticulata from North America [identified by D. Ladd and presumably thus congruent with the concept of the taxon outlined by Wilhelm & Ladd (1987) ]. Thell et al. (2005) also reported P. perreticulata as new to China despite the fact that their own data indicated that P. perreticulata was polyphyletic (and that the Chinese samples did not represent P. perreticulata s. str.).
In addition to the sequences of Punctelia borreri generated by Thell et al. (2005) we included those generated by Crespo et al. (2004) in our analyses. The Chinese sequences of P. perreticulata generated by Thell et al. (2005) were nested within a wellsupported clade otherwise comprised of sequences of P. borreri from Africa, Europe, and Asia in the phylogeny presented here. We examined the voucher (Aptroot 56094, hb. Aptroot) which is the basis of AY773124 and found it to be a mixture of P. borreri (gyrophoric acid detected by GE) and a sorediate species with a pale underside. Almost certainly the fragment used for molecular analysis represented P. borreri. Unfortunately we were unable to examine the other Chinese specimen (Aptroot 56005) however, in light of the above it is very likely to be P. borreri, and at the very least, not P. perreticulata.
Punctelia subrudecta sensu Lendemer (2004)
As has been mentioned above, the sequences derived from North American samples that correspond to the expanded concept of Punctelia perreticulata proposed by actually belong to two well-supported clades distinct from P. perreticulata s. str. One of these (identified as P. caseana in Fig. 1 ) corresponds to P. subrudecta sensu Lendemer (2004) and is sister to a clade comprised of sequences from GenBank identified as P. jeckeri and those from our study generated from specimens of P. subrudecta s.lat. from western North America.
The clade recognized here as Punctelia caseana is comprised entirely of sequences generated from specimens collected in eastern North America. We were initially surprised that our study supported these populations as distinct from those in western North America because both sets of populations have long filiform conidia (8-12 µm) and a smooth to moderately ridged thallus surface. Further study in light of the results of our molecular analyses led to the recognition that the P. caseana and P. jeckeri clades were distinguished respectively by the absence and presence of pruina on the lobe tips. Since there is no name available for the eastern North American populations previously referred to P. subrudecta, we describe them herein as a new species, P. caseana.
In our analyses, P. caseana contains within it a single, well-supported, monophyletic entity. The remainder of the sequences form a group that cannot be definitively characterized as either monophyletic or paraphyletic based on ITS sequence data. These two sets of sequences correspond to two morphotypes that are reasonably well defined on morphological and biogeographic grounds. While each morphotype dominates a given geographic region, both often occur at the same locality in northern Pennsylvania/southern New York.
The morphotype that cannot be definitively characterized as monophyletic in our analyses ("Morph-I" in Fig. 1 ) is most common in northern North America and also frequently occurs at high elevations throughout the central and southern Appalachian Mountains. This morphotype is often extremely distinctive because of its large size, sparse pseudocyphellae, and primarily marginal soralia with fine soredia giving it the appearance of a species of the genus Cetrelia C. Culb. & W. L. Culb. in the field (all Cetrelia species have a black rather than pale underside and different medullary chemistry). It is illustrated in Hinds & Hinds (2007) and has clearly been a source of confusion for lichenologists as many specimens had been identified as P. perreticulata or P. subrudecta with some indication of hesitation (e.g., "?" or "s.l.").
The second morphotype ("Morph-II" in Fig. 1 ) is exemplified by the type collection of Punctelia caseana and is most common in the coastal plain and piedmont of North America. It also occurs frequently at middle to low elevations (e.g., w2000 ft. and below) of the Appalachian Mountains and in the Ozark Ecoregion. Populations of this morphotype can be recognized by their smaller thalli with narrower lobes (compared to the above morphotype), and primarily laminal soralia with coarse granular soredia that often aggregate and give the appearance of squamules or lobules (this causes confusion with P. missouriensis).
Punctelia perreticulata sensu Egan & Aptroot (2004) Though Egan reported Punctelia jeckeri (syn. P. ulophylla) for the western North American state of New Mexico in 2002 (after Bouly de Lesdain 1942), Egan & Aptroot (2004) later applied the name P. perreticulata to all populations of P. subrudecta s. lat. in western North America, essentially following the evaluation of these populations by Aptroot (2003) . Despite this treatment by Aptroot, P. ulophylla was once again reported for the continent by Tucker et al. (2006) as part of a lichen survey of Pinnacles National Monument in California. We sampled broadly within the populations occurring in California; however, we were unable to obtain fresh material from populations in the arid south-west and Rocky Mountains. Like the populations from eastern North America, the western populations that we sampled are characterized by long filiform conidia (8-12 µm long) and a smooth to moderately ridged upper surface.
In our molecular analyses the sequences derived from the western populations of Punctelia subrudecta s. lat. are indistinguishable from those sequences generated from European specimens identified as P. jeckeri, with which they form a well-supported clade that is sister to P. caseana. The samples from which these sequences were generated are all characterized by the presence of pruina on the tips of the lobes. Our results do not support the separation of P. perreticulata sensu Egan & Aptroot (2004) from P. jeckeri and thus we report these populations here under the latter name.
The use of the name Punctelia jeckeri for these populations is problematic because P. jeckeri s. str. has unciform to short-filiform conidia, while the western North American populations uniformly have long-filiform conidia. Since differences in the type and length of the conidia are supported as species-level characters elsewhere in our study, it is curious that they would not be useful in the case of P. jeckeri. We have not revised all of the vouchers upon which the European sequences of P. jeckeri are based 2 and thus are unable to state with certainty what type of conidia they have (if conidia are present). If these vouchers do have the typical conidia reported for European P. jeckeri, this phenomenon could potentially be explained by a founder effect, and a single anomalous individual or set of individuals could have given rise to the representatives of this species on one of the two continents. However, it is more likely that another species is present in Europe that is morphologically similar to P. jeckeri but differs in conidium type. Clearly, further study of this taxon is needed.
Taxonomy
Below we provide an account of the three North American species of sorediate Punctelia with a pale lower surface and lecanoric acid in the medulla. The new species P. caseana is described and treated in full, while P. jeckeri and P. perreticulata are treated in a shortened form primarily to detail their separation from P. caseana and each other. A key to the genus Punctelia in North America (north of Mexico) is included below. (Fig 2) Thallus corticolous, closely attached to the substratum, highly variable in size depending on microhabitat conditions, sorediate. Lobes flat to ridged, often upturned at the margins. Upper surface grey-blue, glabrous, with a narrow brown zone near the lobe tips, epruinose. Lower surface pale to off-white, rarely light brown but never black. Soralia frequent, primarily marginal along the secondary lobes with laminal soralia arising from the F. 2. Punctelia caseana. A & B, thallus margin, ×0·5; A, morphotype 1; B, morphotype 2; C & D, soralia, ×1; C, morphotype 1; D, morphotype 2; E & F, epruinose lobe tips, ×3; E, morphotype 1; F, morphotype 2; G, geographic distribution based on herbarium material at CANL and NY; shaded region approximates to the eastern range mapped by Brodo et al. (2001) Pycnidia infrequent, immersed, black. Conidia filiform, hyaline, (8-)9-10(-12) µm long.
Key to genus Punctelia in North America (north of Mexico)
For colour illustrations see Flenniken (1999, as Punctelia subrudecta) and Hinds & Hinds (2007, as P. perreticulata) .
Etymology. The epithet "caseana" honours the undergraduate major professor of the second author, Dr Martha A. Case, who supported his interest in lichenology and encouraged him to study the lichens of the state of Virginia, USA, where the new species commonly occurs.
Chemistry. Atranorin (cortex), lecanoric acid (medulla). Spot tests: cortex, K+ yellow, C−, KC+ yellowish, P−, UV−; medulla, K−, C+ red, KC+ red, P−, UV−.
Ecology and distribution.
The new species essentially follows the distribution of Punctelia subrudecta in eastern North America as illustrated and described by Brodo et al. (2001) . It is common on the bark of conifers (Pinus, Tsuga) and, in some regions, is equally common on the bark of hardwoods (Acer, Quercus).
The reader should note that the distribution map presented here is heavily biased against portions of central and northern North America because these regions are not well represented in the NY herbarium. The available literature indicates that the taxon is common in the region highlighted by Brodo et al. (2001) west of the Appalachian Mountains [see e.g., the distribution map of Punctelia subrudecta for Ohio provided by Showman & Flenniken (2004) ]. The apparent rarity of P. caseana in the coastal plain and piedmont of south-eastern North America south of Virginia is probably 'real' because the macrolichens in this region were intensively collected by Clyde F. Reed whose herbarium has been incorporated into NY.
All specimens identified as Punctelia subrudecta from south-western North America that we have examined have proved to be P. jeckeri. However Egan (2002) noted both P. subrudecta and P. ulophylla (= P. jeckeri) to be present in New Mexico, USA, and it is thus possible that both P. caseana and P. jeckeri occur in that region.
Description. See van Herk & Aptroot (2000) under the name Punctelia ulophylla (Ach.) van Herk & Aptroot.
Discussion. In North America, this taxon is restricted to the western portion of the continent, and its distribution centres around two geographic regions: the Pacific coast of California, Oregon and Washington; and the arid mountains of Arizona, Colorado and New Mexico north to Alberta. The species typically occurs on the bark of hardwoods in coastal regions, and occurs on conifers in the arid interior. Further study of populations from south-western North America is needed to determine the eastern edge of the range of this taxon, and whether it is sympatric with Punctelia caseana in this region, as has been suggested by Egan (2002) .
After the existence of this species in North America was called into question by Aptroot (2003) , Tucker et al. (2006) reinstated it as a North American taxon under the name Punctelia ulophylla based on a specimen from San Benito County, California. We have examined the collection and confirmed its identity as P. jeckeri. P. perreticulata because both taxa have rodshaped to filiform conidia, and they considered the statistically significant differences in the length of the conidia (see Table 2 ) to have no taxonomic value.
We believe that included Punctelia subrudecta auct. Amer. in their concept of P. perreticulata because they did not actually examine North American material of P. perreticulata s. str., and that their report of long conidia actually refers to a mixture of P. caseana and P. jeckeri. This supposition is based on the fact that in North America P. perreticulata s. str. is known only from the Ozark Ecoregion and a handful of scattered populations in rare Ozark-like habitats (e.g., glades), and all of the specimens cited by were from outside of this region and from other habitats. In fact, specimens of P. perreticulata sensu Wilhelm & Ladd (= P. perreticulata s. str.) have the short conidia (Harris & Ladd 2005) reported as characteristic of European populations of this species. In the light of our
